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ABSTRACT 

V 

Transparent  polymers  being  considereii  for  use  in  Army  systems  must  be  evaluated 
for  resistance  to  crack  and  craze  growth  in  a  chemical  environment.  Current  tests  for 
determining  craze  initiation  include  environmental  stress  crazing  tests  based  on 
ASTM  D  790  and  ASTM  F  484.  Results  for  a  series  of  cast  and  biaxially  stretched 
poly(methyl  methacrylate)  (PMMA)  materials,  as  well  as  several  formulations  of  polycarbon¬ 
ate.  show  a  range  of  critical  strain  measurements  in  crazing  solvents.  A  polyurethane- 
based  thermoset  material  showed  superior  resistance  to  crazing  in  several  of  these  solvents. 
The  effect  of  solvents  on  crack  propagation  in  transparent  polymers  is  demonstrated  by  a 
dead  weight  loading  apparatus  and  compact  tension  specimens  based  on  ASTM  E  399. 
Samples  of  PMMA  are  tested  in  o-xylene,  water,  and  air.  Immersion  testing  is  also  used 
for  comparison,  p-. '  ,  ,v  ,  ,  ■-  . 
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INTRODUCTION 


The  U.S.  Army  Materials  Technology  Laboratory  (MTL)  has  been  working  in  conjunction 
with  the  U.S.  Army  Chemical  Research,  Development,  and  Engineering  Center  (CRDEC)  for 
the  past  four  years  (FY85-88)  on  evaluating  the  susceptibility  of  transparent  polymers  to  fail¬ 
ure  when  exposed  to  chemicals.  This  is  in  response  to  the  NBC  Contamination  Survivability 
of  Army  Materiel  Policy,  AR  70-71,  which  requires  that  all  Army  system  materiel  be  hardened 
against  degradation  in  a  chemical  warfare  (CW)  environment.  This  includes  the  ability  to  be 
decontaminated. 

Polycarbonate  (PC)  and  poly(methyl  methacrylate)  (PMMA)  are  known  to  craze  while 
undf^r  mechanical  stress.  This  behavior  is  enhanced  by  exposure  to  organic  solvents.  "  In 
order  to  determine  the  level  of  degradation  in  a  chemical  warfare  environment  of  currently 
produced  transparent  materials,  environmental  stress  crazing  (ESC)  and  cra^K  growth  studies 
have  been  underway  at  MTL  and  CRDEC. 

This  report  summarizes  much  of  the  work  that  has  been  done  on  solvent-induced  craze 
initiation  and  crack  propagation  of  transparent  polymers,  including  current  studies  on  the 
effects  of  water  sorption  on  crack  propagation  of  a  PMMA  polymer. 

EXPERIMENTATION 


Solvents  and  Materials 

Several  of  the  solvents  chosen  for  these  studies  are  considered  simulants  for  chemical 
agents.  Simulants  are  chosen  based  on  molecular  weight,  density,  vapor  pressure,  and  total 
solubility  parameters  similar  to  the  actual  agents,  GD,  HD,  and  VX.  CRDEC  has  suggested 
several  simulants  in  its  recent  report,*  MTL  has  been  using  diisopropyl  methyl  phosphonate 
(DIMP)  for  GD,  and  1,5-dichloropentane  (DCP)  for  HD. 

Much  work  has  also  been  done  with  the  universal  decontaminant,  DS2,  which  consists  of 
70%  diethylene  triamine  (DETA),  28%  methyl  cellosolve  (MECL),  and  2%  sodium  hydroxide 
(NaOH)  by  weight.  It  has  been  determined  that  DETA  is  the  most  aggressive  component  of 
DS2  in  environmental  stress  crazing  studies  of  polycarbonate.^  DETA  has  also  been  used  for 
some  baseline  comparisons  between  MTL  and  CRDEC  work.  MECL  has  been  shown  to  be 
aggressive  in  crack  propagation  studies."* 

Crack  propagation  studies  with  PC  and  PMMA  have  been  done  with  several  organic 
solvents."*'^  O-xylene  was  chosen  as  a  cracking  agent  for  PMMA  based  on  its  total  solubility 
parameter  and  its  tendency  to  crack  and  craze  this  polymer.  It  is  also  noncorrosive  towards 
the  current  apparatus  being  used  for  the.se  studies. 


l.IiWIS.  It..  I.IEBMAN.  S..  ISAAC'SON.  1...  SARVER.  E.  W..  and  GRASSO.  P.  S.  Chemical  Agent  Simulants  for  Testing  Transparent  Materials 
Presenled  at  the  1988  U.S.  /\rmy  (.'ROfX'  Scientific  Conference  on  Chemical  Defense  Research.  November  15-18.  1988.  To  be  published. 

1.  JACQUES.  C.  U.  M..  and  WYZGOSKI,  M.  G.  Prediction  of  Environmental  Stress  Cracking  of  Polvcarhonate  from  Soluhilit\'  Considerations. 

J.  Appl.  Pol.  Sci.,  V  23.  1979,  p.  1153  1196.  r>  j  .  j 

2.  BURCHILL.  P.  J..  MAT!  lYS.  G..  and  STACEWICZ.  R.  M.  Analysis  and  I'ronertics  of  Some  Commercial  Poly(/nethyl  methacrylate i  hased 
Materials.  J.  Mat.  Sci..  v.  22.  1987.  p.  483-487. 

3.  LEE.  L.  II..  and  V/\NSIJ,OW.  .1  ,1.  Chemical  Tkgradation  and  Stress  Cracking  of  Polvcarhonate  in  I^SI  US  .\rniv  Malcn.ils  I  cchnoloe' 
l.alxiralory.  M  EL  TR  87-46.  Seplcnil’cr  1987. 

4  1  ISIE-l  I.  A.  J..  and  VANSEI .OVV,  .1.  J.  Environmental  Stress  (  razing  and  Cracking  of  Transparent  Polviners.  U  S.  .\tniv  Matcn.il.s  l  eclinoloes 
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5.  V/XNSELOW,  J.  J.,  IISIEU.  A.  J..  and  BROWN.  J.  II.  Environmentally  Induced  Discontinuities  in  Transpire, it  Polviners.  Presented  .it  ihe 

1988  U.S.  Army  CRDEC  Scientific  Conference  on  Chemical  Defense  Research.  U.S,  Army  Materials  Eechnolocv  I-ilxiratorv.  MTL  ER  89  1 1, 
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Samples  of  materials  have  been  acquired  through  several  sources.  These  sources  are 
included  in  the  references.  Most  samples  were  collected  through  distributors  wishing  to  gain 
solvent  resistance  information. 

ESC  Test  Development 

The  most  widely  used  test,  to  this  point,  has  been  the  static  three-point-bend  stress  craz¬ 
ing  test,  based  on  the  geometry  of  the  ASTM  D  790  flexure  test.^  This  test  is  appropriate 
since  it  only  requires  a  small  amount  of  liquid.  Literature  values  of  this  test  with  PC  and 
several  crazing  agents  are  available.*  The  procedure  and  fixture  for  this  three-point-bend 
ESC  test  were  developed  at  MTL  and  revised  by  CRDEC  to  be  suitable  for  chemical  agent 
testing.*  CRDEC  added  the  use  of  a  video  camera  to  record  results  so  that  constant  monitor¬ 
ing  in  a  hazardous  environment  is  not  required.  CRDEC  has  also  initiated  the  use  of  a  laser 
for  detecting  craze  initiation,  which  promises  to  be  a  significant  improvement  over  the  visual 
method. 

MTL  has  also  been  implementing  the  ASTM  F  484  ESC  test,  which  uses  a  cantilever 

beam  specimen,  for  comparison  to  the  three-point-bend  test.  Results  indicate  a  critical  stre.ss 

level  where  crazing  initiates  as  opposed  to  a  critical  strain  level.  This  test  is  recommended 
by  MIL-P-83310  for  PC.  although  the  ASTM  version  specifies  PMMA  with  appropriate  con¬ 
ditioning  requirements.  MTL  has  been  using  this  test  for  both  materials.^'^  Again,  the  can¬ 
tilever  beam  ESC  test  only  requires  a  small  amount  of  liquid  and.  thus,  could  be  used  for 

agent  testing  as  well.  The  apparatus,  however,  is  a  bit  more  cumbersome,  and  larger  samples 

are  required.  In  addition,  a  material  with  a  relatively  low  flexural  modulus  or  stiffness  cannot 
be  tested  with  a  cantilever  beam  specimen  since  the  critical  stress  will  be  difficult  to  calculate 
with  a  deflection  greater  than  15  degrees. 

Crack  Propagation  Test  Development 

In  order  to  determine  a  material’s  resistance  to  crack  propagation  when  exposed  to 
solvents,  MTL  has  been  using  a  dead  weight  loading  apparatus  with  compact  tension  (CT) 
specimens  based  on  ASTM  E  399.‘*‘^  This  test  has  been  improved  over  conventional  studies' 
by  limiting  the  amount  of  liquid.  Instead  of  immersing  the  sample  in  solvent,  the  test  liquid 
is  added  dropwise  to  only  the  crack  area.  This  test  also  has  some  advantage  over  the  ESC 
tests  since  a  full  set  of  data  showing  how  the  crack  increment  varies  with  time  can  be 
acquired  from  one  sample.  To  determine  critical  strain  from  the  ESC  tests,  several  specimens 
must  be  tested.  The  specimen  preparation  for  the  crack  growth  studies,  however,  is  more 
complex  than  the  testing  bars  required  for  ESC  studies.  It  is  important  to  distinguish  the  dif¬ 
ference  between  resistance  to  crack  propagation  when  exposed  to  solvent,  which  is  determined 
in  this  test,  and  resistance  to  craze  initiation,  which  is  determined  in  ESC  tests.  A  material 
can  be  more  or  less  resistant  depending  upon  which  test  is  used.^ 


(  nWfS.  K..  LfHBMAN.  S..  ISA/XCSON.  1...  SAliVEIi,  1:.  W.,  .ind  GKASSO.  P.  S.  Chemical  Ai^nt  Si/rnilanis  for  Tesiini;  Transparent 
Materials.  Presented  nl  the  19H8  U  S  Army  t'KOHC  Scientilie  Omlerence  on  Chemical  Defense  Research.  Novemher  l.s-IS.  198S  I'o  he 
puhlished. 

6.  VANSELOW,  J,  J.,  and  MSIEH,  A.  Evaluation  of  Transparent  Folviners  for  Chemicalh'  Hardened  Anm  Svsieins.  U  S.  i-Vrmv  Materials  I'eeli- 
nology  Laboratory.  MTL  TR  88-24,  July  1988. 

7.  LHYMN,  C..  and  SCHULTZ.  J.  M.  Environmental  Testing  of  a  Glass-Fiber  Reinforced  Thermoplastic.  Polymer  Eni!.  and  Sci..  24.  no  1,1. 
September  1984. 


RESULTS  AND  DISCUSSION 


Table  1  shows  critical  strain  measurements  for  several  formulations  of  PC  samples  from 
MTL  and  CRDEC  work  performed  during  the  past  few  years.  This  collection  reflects  the 
range  of  values  that  can  occur  when  different  formulations  are  used,  as  well  as  possible  dif¬ 
ferences  due  to  test  locations.  In  the  case  of  Lexan  9034,  one  critical  strain  value  was 
determined  at  MTL,  and  the  other  at  CRDEC;  The  references  indicate  where  these  results 
were  originally  reported. 


Table  1.  CRITICAL  STRAIN  MEASUREMENTS  FOR  POLYCARBONATE 


Critical  Strain 

Critical  Strain 

Critical  Strain 

in  DETA 

in  DCP 

in  DS2 

Name 

(%) 

(%) 

(%) 

Lexan  9034 

0.24  (Ref.  6),  0.30  (Ref.  8) 

SL3000(GE) 

0.34  (Ref.  3) 

0.40  (Ref.  3) 

0.32  (Ref.  3) 

Makrolon 

0.30  (Ref.  8) 

0.31  (Ref.  9) 

Lexan  MRS 

0.55  (Ref.  8) 

0.87* 

0.59  (Ref.  9) 

PC  from 
Swedlow 

0.30  (Ref.  5),  0.27  (Ref  5) 

‘LEWIS,  R.,  LIEBMAN,  S.,  ISAACSON,  L,  SARVER,  E.  and  GRASSO,  P.  S.  Chemical  Agent  Simulants  for 
Testing  Transparent  Materials.  Presented  at  the  1988  U.S.  Army  CRDEC  Scientific  Conference  on  Chemical 
Defense  Research,  November  15-18,  1988.  To  be  published. 


In  order  to  compare  some  craze  initiation  studies  which  have  been  done  on  PMMA 
samples,  critical  stress  measurements,  which  result  from  the  ASTM  F  484  ESC  test,  can  be 
converted  to  critical  strain  measurements  by  dividing  by  the  flexural  modulus.  Table  2 
illustrates  this  by  converting  critical  stress  measurements  made  on  a  series  of  PMMA 
materials^  to  critical  strain  values.  These  PMMA  samples,  under  the  trade  name  Acrivue,  are 
a  series  of  cast  (320,  350AC,  351)  and  biaxially  stretched  (350S,  352S)  acrylics  from  Swedlow, 
Inc.  Their  formulations  differ  in  molecular  weight,  as  well  as  crosslinking  agents,  not  further 
described  by  the  manufacturer.  In  Table  3,  the  critical  strain  values  for  the  Acrivue  materials 
are  similarly  obtained  and  compared  to  critical  strain  measurements  made  at  CRDEC  with  the 
three-point-bend  apparatus  and  the  laser  equipment.*  The  Polycasl  samples  were  acquired 
from  LORAL  Systems  Division.  It  should  be  noted  that  the  variation  in  critical  strain 
measurements  with  different  formulations  of  PMMA  can  be  as  large  as,  if  not  larger  than,  the 
variation  in  those  of  PC.  In  addition,  the  Polycast  76  material  appears  to  have  the  best  resis¬ 
tance  to  solvent-induced  craze  initiation  of  the  cast  acrylics. 

CRDEC  also  tested  GAC  590,  a  polyurethane-ba.sed  thermoset  from  LORAL  Systems  Divi¬ 
sion,  and  found  the  critical  strain  measurements  to  be  greater  than  3.1%  in  both  DCP  and 
DIMP.*  This  was  the  best  result  of  all  transparent  materials  tested. 


I.liWIS,  R..  LIEUMAN,  S..  LSAACSON.  !...  .SARVBK,  il.  W..  and  (iRASSO,  1’.  .S.  Chemical  .igeni  SimiilaiiLs  for  I'csiini;  Traiisparciti 
Materials.  Presented  .it  the  19H8  U.S.  Army  CatOIR'  Scientilie  Conference  on  (.Tiemica!  Defense  Research.  Noveniher  l.S-IS.  I'tss  I'o  he 
published. 

8.  VANSELOW,  J.  J.,  HENDERSON,  V.,  and  STEVENS.  .1  Crazing  and  Craekingin  Transparent  Materials.  Proceedinas  of  the  1987 
U.S.  Army  CRDEC  Scientific  Conference  on  Chemical  Defen.sc  Research.  CRDEC  SP  88013,  .April  1988.  p.  1.301 

9.  VANSELOW,  J.  J.,  and  LEE.  L.  H.  Stress  Cracking  of  Thermoplastics.  PriKcedings  of  the  1986  U.S.  Armv  CRDEC  Scientific  Conterence 
on  Chemical  Defense  Research.  CRDEC  SP  87008,  June  1987.  p.  581. 
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Table  2.  CALCUUTED  CRITICAL  STRAINS  FOR  PMMA  SAMPLES  TESTED  IN  DS2  VIA  ASTM  F  484 


Name 

Critical  Stress 
(psi) 

Flexural  Modulus 
(psi  X  10'^) 

Critical  Strain 
(%) 

Acrivue  320 

1300 

450 

0.29 

Acrivue  350AC 

1400 

470 

0.30 

Acrivue  351 

2900 

460 

0.64 

Acrivue  350S 

3200 

450 

0.70 

Acrivue  352S 

5500 

450 

1.22 

Table  3.  CRITICAL  STRAIN  MEASUREMENTS  FOR  SEVERAL  PMMA  FORMULATIONS 


Material 

Critical  Strain 
in  DCP 
(%) 

Critical  Strain 
in  DIMP 
(%) 

Acrivue  320 

0.13 

0.33 

Acrivue  350AC 

0.26 

0.43 

Acrivue  351 

0.43 

0.65 

Polycast  76* 

0.60 

0.87 

Acrivue  350S 

0.78 

1.22 

Acrivue  352S 

1.22 

1.33 

Poly  76S  (LORAL)* 

0.87 

1.50 

‘LEWIS,  R.,  LIEBMAN,  S.,  ISAACSON,  L.,  SARVER,  E.  W.,  and  GFIASSO,  P.  S.  Chemical  Agent 
Simulants  for  Testing  Transparent  Materials.  Presented  at  the  1988  U.S.  Army  CRDEC  Scientific 
Conference  on  Chemical  Defense  Research,  November  15-18,  1988.  To  be  published. 


Crack  Propagation  and  Water  Sorption  Studies  of  PMMA 

Water  sorption**^  has  been  shown  to  significantly  affect  ESC  measurements  of  PMMA 
materials.  The  samples  tested  at  MTL  were  in  a  hood  and  contained  less  than  0.1%  by 
weight  of  water.  Table  4  shows  the  amount  of  water  absorbed  by  these  acrylic  materials  in 
30  days. 


Table  4.  IMMERSION  RESULTS  -  WEIGHT  PERCENT  UPTAKE  IN  (24  HOURS)  30  DAYS 


Material 

Water 

o-Xylene 

Acrivue  320 

(0.19)0.91 

(-0,04)  -0.48* 

Acrivue  350AC 

(0.27)  1.49 

(0.02)  -0.13 

Acrivue  351 

(0.25)  0.90 

(0.02)  -0.11 

Acrivue  350S 

(0.45)  1.46 

(0.09)  -0.02 

Acrivue  352S 

(0.15)0.99 

(0.28)  -0.67* 

'Surface  crazing 


Solubility  parameters,  d,  can  be  used  to  predict  a  region  of  crazing  based  on  the  differ¬ 
ence  between  the  total  solubility  parameter  of  the  solvent  and  that  of  the  polymer.’  The 
total  solubility  parameter  of  water  is  23.4  (cal/cm^)’^.”  PMMA  or  acrylic  materials  have  a 
range  of  total  solubility  parameters  of  8.9  to  12.7  (cal/cm^)’^‘.”  The  large  difference  between 
the  (5  of  water  and  that  of  PMMA  suggests  that  crazing  and  cracking  would  not  occur.  The 
(3  of  o-xylene  is  8.8  (cal/cm^)’^.”  The  closeness  of  the  5’s  of  o-xylene  and  PMMA  suggest 
that  crazing  and  cracking  in  PMMA  will  occur  when  exposed  to  this  solvent. 


10  UURCHILL,  P.  J..  and  STACliWICZ.  R.  I  I.  liffect  of  Water  on  the  Crazing  of  a  Crossiinked  I’olvtmvthvl  inethacniate).  J  Mai  Sci.  1  .ci 
V.  1.  1V82.  p.  448-450 

11.  BRANDUP.  J..  and  IMMBRGUT.  E.  It.  Polymer  Handbook.  2nd  cd..  John  Wiley  and  Sons.  New  York,  1975. 
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In  Figure  1,  the  effect  of  o-xylene  on  the  craze/crack  propagation  in  a  PMMA  sample  is 
illustrated.  The  designation  craze/crack  is  used  since  this  test  cannot  distinguish  between  the 
two  phenomena.  The  three  samples  of  Acrivue  320  are  tested  at  initial  stress  intensity 
factors  (Kj)  of  0.60  to  0.68  MPa*m’'^  which  correspond  to  45  to  50%  of  its  fracture  tough¬ 
ness.^  Although  water  is  known  to  plasticize  PMMA  and,  thus,  reduce  its  resistance  to 
solvent-induced  stress  crazing, when  used  independently  in  this  craze/crack  propagation  test, 
it  does  not  act  as  a  crazing  or  cracking  agent.  A  follow-up  study  is  suggested,  which  tests  a 
moist  sample  of  PMMA,  which  is  subsequently  exposed  to  a  crazing  agent  such  as  o-xylene. 


Figure  1 .  Craze/crack  growth  curves  tor  Acrivue  320  in  o-xylene,  water,  and  air. 


Immersion  results  show  a  significant  weight  gain  in  water  of  PMMA  samples,  however,  no 
surface  crazing  occurs.  In  o-xylene,  weight  loss  is  demonstrated  in  four  out  of  five  of  the 
samples.  This  indicates  more  aggressive  behavior  than  in  water  due  to  dissolution.  The  fifth 
sample,  Acrivue  352S,  shows  less  weight  gain  than  in  water,  but  the  surface  crazes  which 
result  indicate  aggressive  behavior  on  the  part  of  o-xylene.  Acrivue  320  was  most  affected  bv 
the  solvent,  since  significant  surface  crazing  was  .seen,  as  well  as  a  higher  weight  loss.  Pre¬ 
vious  craze/crack  propagation  studies  verify  the  higher  susceptibility  of  Acrivue  320.^  The 
crack  propagation  studies  demonstrate  the  aggres.sivene.ss  of  o-xylene  in  a  much  shorter  time 
frame  than  that  required  for  detection  of  surface  crazing. 

It  should  be  noted  that  the  range  of  values  for  solubility  parameters  for  PMMA  and  PC 
|y.5-H).5  (cal/cm  as  opposed  to  a  single  value,  is  due  to  the  large  number  of 

formulations  in  which  these  polymers  exist.  This  is  illustrated  by  the  variation  in  ESC  results 
shown  in  Tables  1  through  3. 
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SUMMARY 


The  results  which  have  been  summarized  here  identify  some  of  the  concerns  that  must  be 
recognized  when  conducting  different  types  of  tests  for  chemical  resistance.  This  includes  care¬ 
ful  identification  of  nominally  similar  samples,  as  in  the  case  of  PMMA  and  PC,  and  also 
includes  specific  identification  of  the  property  desired,  such  as  resistance  to  craze  initiation  or 
to  crack  propagation.  Future  studies  are  necessary  to  continue  to  assess  newly  developed 
transparent  polymers  being  considered  for  use  in  Army  systems.  In  addition,  modifications 
should  be  made  to  the  crack  propagation  apparatus  to  prepare  it  for  chemical  agent  studies. 


6 


015TRI8uri0N  LIST 


Copies  To 

CoAvnander,  U,S.  Army  Chemical  Research,  Development  and 
engineering  Center,  Aperdeen  Proving  Ground,  MO  w^lOIO-5A23 
I  ATTN:  SMCCR-OOe 
1  SMCCR-000 

I  SMCCR-OOP 

i  SMCCR-HV 

1  SMCCR-MSl 

I  SMCCR-MU 

I  SMCCR-MUC 

1  SMCCR-MUP 

1  .  SMCCR-NB 

1  SMCCR-OPC  (B.  Eckstein) 

I  SMCCft-OPF 

1  SMCCR-OPP 

1  jMCCR-OPR 

I  SMCCR.PPC 

1  SMCCR-PPI 

1  SMCCR-PPP 

1  SMCCR-RS 

2  SMCCR-RSC  (E.  Penski,  W.  Shuely) 

I  SMCCR-RSL 

1  SMCCR-RSP 

1  SMCCR-RSP-A  (M.  Miller) 

1  SMCCR-RSP-8 

1  SMCCR-RSP-P 

1  SMCCR-RST 

1  SMCCR-SF 

1  SMCCR-SPS-T 

1  SMCCR-ST 

1  SMCCR-TOT  {S.  Lawhorne) 

I  SHCCR-MUA  (Record  copy) 

Commandant,  U.S.  Army  Ordnance  Missile  and  Munitions  Center 

and  School,  Redstone  Arsenal.  AL  35897-6700 
1  ATTN;  ATSK-EI  (Mr.  Cranford) 

Commander,  u.S.  Army  Missile  Coflfwand,  Redstone  Scientific 
Information  Center,  Redstone  Arsenal,  AL  35898-5^41 
1  ATTN:  AMSMI -RO-CS-R  (Document  Section) 

Commander,  U.S.  Army  Missile  Command,  Redstone  Arsenal, 

AL  35898-5241 

1  ATTN:  AMSMl-ROC  (Or.  B.  Fowler) 

Conwander.  u.S.  Army  Missile  Command,  Redstone  Arsenal. 

Al  35893-5500 

1  ATTN:  AMSMI-RGT  (Mr.  Madd1») 

J  AM5MI-Y0L.  Bldg.  4505 

1  AMSMl-YLP  (Mr.  N.  C.  Kattos) 

Commander.  Anniston  Army  Depot,  Anniston,  AL  36201-5009 
1  ATTN;  SDSAN-CS 

Conwandant ,  U.S.  Army  Chemical  School,  Fort  McClellan, 

AL  36205-50PO 
I  ATTN:  ATZN-CM 

1  AT7N-CM-CC 

1  ATZN-CM-CS 

I  ATZN-CM-CT 

1  ATZN-CM-MLB 

1  ATZN-CM-NC 

Coomander ,  U.S.  Army  Aviation  Center,  Fort  Rucker. 
al  36362-5000 

1  ATTN;  ATZQ-CAT-CA-M  (CPT  P.  McCluskey) 

I  ATZQ-O-MS 

Cofimander,  U.S.  Army  Electronic  Proving  Ground, 

Fort  HudChuca,  AZ  85613-7110 
I  ATTN:  STEEP-OT-F 

Conmander,  Naval  Weapons  Center,  China  Lake,  CA  93555 
1  ATTN:  Code  36 

I  Code  366 

I  Code  3554 

1  Code  3653 

I  Code  3656 

1  Code  j6b4 

1  Code  3893  (Or.  L.  A.  Matthews) 

1  Code  3917  (Mr.  0.  7.  Mr;iiwen  /  NW(.  Coordinator 

Coimiander,  U.S.  Army  Science  and  Technology  Center, 

Far  East  Office,  San  Francisco,  CA  96328-5000 
1  ATTN:  Medical/Chemical  Officer 

1  AFOPRC/PR,  Lowry  Air  Force  Base,  CO  30230-5000 

1  NOPAO/NC  CBN,  Cheyenne  Mountain  AFS-STOP  4,  Peterson 
Air  Force  Base,  CO  80914-5601 


No.  of 

Copies  To 

Director,  Office  of  Environmental  and  Life  Sciences.  Offi.e 
Of  Che  Under  Secretary  of  Defense  (R&E),  The  Pentagon, 
Washington,  DC  20301-3080 
1  ATTN;  Mr.  Thomas  R.  Dashieil 

Oirectrr,  Defense  Intelligence  Agency,  Washington, 

DC  20301 -6U1 

1  ATTN:  0T-5A  (Mr.  C.  Clark) 

1  lIQOA  (DAMO-NCC).  Washington.  DC  20310-0403 

I  HQDA  (DAMI-FIT-S4T).  Washington,  DC  20310-1087 

1  HO  USAF/INKL.  Washington.  DC  20330-1550 

I  HA  AfOjR/N£,  Bolling  Air  Force  Base,  Washington, 

DC  20332-6448 

Conmander ,  Navj’  Mr  Systems  Command,  Wasrungton 
DC  20361 

I  ATTN:  PMA  279A  (B.  Motsuk) 

1  PMA  279C  (LCOR  F.  Smartt) 

Commander,  Naval  Sea  Systems  Command,  Washington, 

DC  20362-5101 
1  ATTN:  Code  55X25 

Commander,  Naval  Sea  Systems  Command,  Theater  of  Nuclear 
Warfare  Program  Office,  Washington,  DC  20362-5101 
1  ATTN:  Code  TN20A  (Or.  G.  Patton) 

Commander,  Naval  Medical  Command,  Washington, 

DC  20372-5120 
1  ATTN:  MEDC0M-02C 

Commander.  Naval  Research  Laboratory,  4555  Overlook  Avenue. 
SW,  Washington,  DC  20375-5000 
I  ATTN:  Code  2526  (Library) 

I  Code  6182  (Dr.  R.  Taylor) 

Commanding  Officer,  Havy  Intelligence  Support  Center, 
Washington,  OC  20390 
I  ATTN:  NlSC-633  (Collateral  Library) 

Corrmanding  General.  Marine  Corps  Research,  Oeve'oomeni 
and  Acquisition  Command,  Washington.  DC  20380-000! 

1  ATTN:  Code  S5C  NBC 

I  Toxicology  Information  Center,  JH,  652.  National  Researen 
Council,  2101  Constitution  Avenue,  NW.  Washington, 

OC  20418 

Director,  Central  Intelligence  Agency,  Washington. 

OL  20bo5 

I  ATTN:  AMR/ORO/00/54T 

1  OSU  Field  Office,  P.O.  Bo*  1925,  Cglm  Air  Forre  iase. 

Fl  32542-1925 

Headquarters ,  Eg] in  Air  ^orcc  8jse,  K  32542-6000 
1  ATTN’  AO/YQO/YQX 
I  USAFTAWC/THLO 

1  AO/YN 

1  Mr.  L.  Rodgers 

Commandant,  U.S.  Army  infantry  School.  Fort  3enning 
GA  31905-5410 
I  ATTN;  ATSH-CD-CS-CS 

Commander,  U.S.  Army  Infantry  Center,  Fort  Benninq 
GA  31905-52/3 

I  ATTN:  NBC  Branch,  Directorate  of  Plans  and  Training 
Bldg.  2294 

Conmandant,  U.S.  Army  Infantry  School.  Fort  Benninq 
GA  31905-5410 
\  ATTN:  ATSH-B,  NBC  Branch 

■'■.jtnm.ind.iiii.  i.S.  Army  inf.itUfy  S\  hiK''i,  '  m  ^ 

GA  ilQOS-^HOO 
I  -ATTN:  ATSH-CD-MLS-t 

Conmander,  U.S.  Army  Armament,  Munitions  and  fliemical 
Cutimand,  Rock  Island,  IL  61299-6000 
I  ATTN;  AMSMC-ASN 
1  AMSMC-IMP-L 

I  AMSMC-IRA 

1  AMSMC-IRO-T 

I  AMSMC-SFS 


No.  of 

Copies _ To _ 

S. rector,  U.$.  Army  Materiel  Coffwand  Field  Safety  Activity, 
I'harlestown.  IN  471  11-9669 
.  ATTN:  AMXOS-SE  (Mr.  W.  P.  Yutmeyer) 

Coewander,  Naval  Weapons  Support  Center,  Crane,  IN 
47522-5050 

1  ATTN:  Code  5063  (Or.  J.R.  Kennedy) 

CoMiander,  U.S.  Army  TRAOOC  Independent  Evaluation 
Directorate,  Fort  leavenMorth,  kS  66027-5130 
I  ATTN:  ATZL-TIE-C  (Mr.  C.  Annett) 

Ccenandtr,  U,S.  Army  ComPined  Arms  Center,  Oevelopment 
Activity,  Fort  Leavenworth,  KS  66027-5300 
I  ATTN:  ATZL-CAM-M 

Coniander,  U.S.  Army  Armor  School,  Fort  Knox,  KY  40121-5211 
1  ATTN:  ATZK-OPT  (NBC  School) 

Commander,  U.S.  Army  Natick  Research,  Development,  and 
Engineering  Center.  Natick,  MA  01760-5015 
I  ATTN;  STRNC-AC 
I  STRNC-Ut 

I  'TRNC-WTS 

1  STRNC-WT 

1  STRNC-fC 

1  STRNC-ICC 

1  STRNC-IP 

I  STRNC-ITP  (Mr.  Tassmari) 

1  STPNC-YB 

1  STRNC-YE 

1  STRNC-YM 

1  STRNC-YS 

Headquarters ,  Andrews  Air  Force  Base,  MO  20334-5000 
I  ATTN:  AFSC/S0T5 
1  AFSC/SGB 

Commanding  Officer,  Naval  Explosive  Ordnance  Disposal 
Technology  Center,  Indian  Head,  MO  20640-5070 
1  ATTN;  Code  BC-2 

I  Commander,  Detachment  S,  USAOG.  Team  III,  Fort  Meade. 

MC  ?0;55-59e5 

Commander,  Harry  Diamond  Laboratories,  2800  Powder  Mill 
Road.  Adelphi,  MO  20783-1145 

1  ATTN:  OCLHO-RT-CB  (Or.  Sitankay) 

Coemander,  U.S.  Army  Laboratory  Conmand,  2800  Powder  Mill 
Road,  Adelphi,  MO  20783-1145 

2  ATTN;  Technical  Library 

Director,  U.S.  Army  Concepts  Analysis  Agency, 

8120  Woodmont  Avenue,  Sethesda,  mQ  20814-2797 
1  ATTN;  CSCA-flQL  (Or.  HelmOold) 

Director,  U.S.  Army  Human  Engineering  Laboratory. 

Abfe. deen  Proving  Ground,  MO  21005-5001 

1  ATTN:  AHXME-IS  (Mr,  Harranl 

Project  Manager,  Smoke/Obscurants,  Aberdeen  Proving  Ground. 
MO  21005-5001 

2  ATTN;  AMCPM-SMK-E  (A.  Van  de  Wall 

1  AMCPM-SMK-T 

Commander,  U.S.  Army  Test  and  Evaluation  Command.  Aberdeen 
Proving  Ground,  MO  21005-5055 
1  ATTN:  AMSTE-TE-F 
1  amste-te-t 

Director,  U.S.  Army  Ballistic  Research  LaDoratory.  Aberdeen 
Proving  Ground.  MO  21005-5066 
1  ATTN;  SLCBR-OO-ST  ( Tech  Reports  ) 

Oiret*  .r.  U.S.  Army  Materiel  Systems  Analysis  Activity, 
Aberdeen  Proving  Ground,  MO  21005-5071 
1  ATTN;  AMXSY-Cfi  (Mrs.  F-  Hu) 

I  AMX5Y-GC  (Mr.  F .  Campbel 1 ) 

1  AMXSY-MP  (Mr.  H.  Cohen) 

Ci)mmander .  J.S.  Aimy  To*  ic.  and  ‘Mj  ir  lons  Muer'.il'.  /, 

Aberdeen  Proving  Giu’jnd,  MU  .  1/ 1  J 
I  ATTN:  AMXTH-ES 
I  AMXTH-TE 

Comnander,  U.S.  Army  Environmental  Hygiene  Agency, 

Aberdeen  Proving  Ground,  MO  21010-5422 
I  ATTN:  HSH8-0/Editorial  uffice 


No.  of 

Copies _ To 

Commander,  U.S.  Army  Armament,  Munitions  and  Chemical 
Conmand.  Aberdeen  Proving  Ground,  MO  210l0-‘'473 
1  ATTN:  AMSMC-HO  (A)  (Mr.  J.  K.  Smart) 

1  AMSMC-QAC  (A) 

I  AMSMC-QAE  (A) 

Comnander.  U.S.  Army  Technical  Escort  unit,  Aberdeen 
Proving  Ground,  MO  21010-5423 
I  ATTN:  AMCTE-AO 

Coflinander,  U.S.  Army  Medical  Research  Institute  of 
Chemical  Defense,  Aberdeen  Proving  Ground,  MO  21010-5425 
1  ATTN:  SGRD-UV-L 

Director,  Armed  Forces  Medical  Intelligence  Center, 

Building  1607,  Fort  Detrick,  Frederick,  MO  21701-5004 
1  ATTN;  AFMIC-fS 

Comnander,  U.S.  Army  Medical  Bioengineering  Research  and 
Oevelopmenl  laboratory,  Fort  Detrick,  Frederick, 

HO  2i;0!-5010 

I  ATTN-  SGRB-U8G  (Mr.  Eaton) 

1  SGRS-UBG-AL,  Bldg.  568 

Comnander,  HQ  l/163d  ACR,  MT  ARnG.  P.O.  Box  1336.  BiHinqs, 
MT  59J03-J336 

I  ATTN:  NBC  (SFC  W.  G.  Payne) 

Director,  ‘J.S.  Army  Research  Office.  P.O.  Box  12211. 
Research  Triangle  Park,  NC  27709-2211 
1  ATTN;  SLCRO-CB  (Or.  R.  Ghirardelli) 

1  SICRO-GS 

Commander,  U.S.  Army  Cold  Regions  Research  and  Engineering 
Laboratory,  Hanover,  NH  03755-1290 
1  ATTN:  CRfi£L-RG 

Comnander,  U.S.  Army  Production  Base  Hoderni rat  ion  Activity 
Dover.  NJ  '7801 
I  ATTN:  AMSHC-PBE-C(0)/Regber 

Comnander,  U.S.  Army  Armament,  Research,  Oevelopn-^nt ,  ano 
Engineering  Center,  Picaimny  Arsenal,  NJ  07,^06-502'' 

I  ATTN;  SMCAR-A-E  (S.  Morrow) 

1  SMCAft-AE  (R.  A  Tnf  1  letti  1 

1  SMCAR-CCT 

I  SMEAR. FSF-B 

I  SMCAR-MSI 

1  SMCAft-AET  (Bldg.  335) 

Project  Manager,  Cannon  Artillery  Weapons  Systems, 

Picatinny  Arsenal,  NJ  07806-5000 
I  ATTN;  AMCPM-CAWS-A 

Director,  Los  Alamos  National  Laboratory,  los  Al^os. 

NM  87545 

1  ATTN:  T-OOT  MS  P371  (S.  Gerst I ) 

ComnanUer/Oireclor ,  U.S.  Army  Atmospheric  Sciences 
l  jbi)r,jiory.  White  Sands  Missile  Range  %M  8H002-5?''l 
1  ATTN.  SlCAS-AE  (Or.  F,  Niles) 

i  SlCAS-AE-E  (Or.  0.  Snuierl 

j  SlCAS-AR  (Dr.  E.  M.  HoU) 

I  SLCAS-AR-A  (Or.  M.  Heaps) 

1  SLCAR-AR-P  (Or.  V.  BruCe) 

I  '■,l(Afl.AR.M  (Or.  R  Sutherland) 

..•le^-tur,  U.S.  Army  TfiAOOC  Atiaiysis  voirnand,  v<nite  S  ifKj> 
Mis-iile  Range,  NM  '3800.'  5 5u2 

1  attn  ator-tsl 

1  ATOR-TOB  (L.  Oominouet) 

■omnjnder,  U.S.  Army  Scientific  and  Technical  Infgrmatiun 
Te-wn,  Europe,  Box  48,  APO  New  York  09079-47  34 
I  ATTN:  AMXMI-E-CO 

omnander .  Headquarters ,  3d  Ordnance  Battalion. 

APU  New  York  09189-2737 
1  ATTN  AtuSA-UH 

•  •nri.ln»}»*r  .  t.S.  Mill!  jrv  At  vU-'fiy,  Vpitfi't-nt  ''  ’‘t  ,  ' 

.Mt.  NY  ;  C. 

•'•11%  ‘-lA.l  .l»  l  Kt’f 

Headquarters .  Wright  Patterson  Air  f.jrce  Base,  OH 
4S413-6503 

I  ATTN:  AFWAL/FIEEC 
I  ASO/AESO 

I  AAMRL/HET 


1  FTO-TQTR,  Wright  Patterson  4»r  Force  Bise.  OH  454  3  )-n*;i)F 


No.  of 
Copies 


To 


No.  of 
J  op  les 


I 

\ 

\ 

I 


1 

I 


I 

1 

I 


1 


I 


1 


1 


I 


1 


I 


1 


1 

I 

1 


APUAL/f ICS/SURVIAC,  Wrujlii  Patlerson  Ajr  Force  8ose,  ‘HI 
4^433-6653 

AAMfiL/TID,  Wright  Patterson  Ajr  Force  Base.  011  46433-65/3 

Conmandant.  U.S.  Army  Field  Artillery  School,  Fort  SiM, 

OK  73503-5600 
ATTN;  ATSF-GA 


Coonander,  Nava)  Air  Development  Center,  Warminster, 
PA  18974-5000 

ATTN:  Code  60332  {0.  Herbert) 


Loflieandant,  U.S.  Army  Academy  of  Health  Sciences. 
Fort  Sam  Houston,  TX  78234-6100 
ATTN:  HSMA-COH  (Or.  R.  M.  Mosebar) 

HSHA-COS  (CPT  fng) 

HSHA-iPM 

Headquarters,  Brooks  Air  Force  Base,  TX  /8?35-50<)0 
ATTN;  MSD/RDTK 
HSO/RDS 
USAFSAH/VNC 


Connander,  U.S.  Army 
UT  84022-5010 
ATTN:  STEOP-SD  (Or. 

Cmnnander,  U.S.  Army 
UT  84022-6630 
ATTN:  STEOP-SO-TA-F 


Ougway  Proving  Ground. 
L.  Salomon) 

Dug«ay  Proving  Ground, 
( Techmca!  L  ibrjry) 


Ougway, 


Dtigway, 


HQ,  Ogden  Air  Material  Area.  Mill  Air  Force  Base. 
UT  84056-5609 
ATTN:  MMWH 


Director,  U.S.  Army  Commun  ic  at  ions -E  lec  tron  k  s  Cohsimmu, 
Night  Vision  and  Electro-Optics  Directorate,  Fort  Bt*iv.nr, 
VA  22060-5677 

ATTN:  AHSEL-NV-0  (Or.  R.  Buser ) 

vionwnander.  Marine  Corps  Development  and  Education  r,.niHjnd. 
ihiaoCico,  VA  221  34  5080 
aTTN:  Code  0091,  bPwT  Section 

Deputy  Director.  Marine  Corps  Institute,  Arlington. 

VA  22222-0001 
ATTN:  NBC  CO;  C002 


CoiTWander .  U.S.  Army  Nurlear  and  Chemiral  Agency. 

7500  Backlick  Road,  Pldg.  2073.  Springfield.  VA  22150-3198 
ATTN:  MONA-CM 

Chief  of  Naval  Rese.^'  n.  ROM  N.  Qiiinry  Street,  Arlington, 

VA  22217 
ATTN;  Code  441 


Connander,  U.S.  Army  Malpriel  (runnand.  500 1  Eisenhower 
Avenue,  Aletandrid,  VA  22T)3'OOi)l 
AITN:  AMCCN 
AMCSr.C 
AMCLO 

Coimander,  Defense  Trrhmr.al  Infoimatlon  Center,  Cjmeron 
Station,  Bldg.  5,  5010  Duke  Street,  Alenandria,  VA 
22304-1145 
ATTN;  OTIC-FDAC 

Cnornander,  Naval  Surface  Weapons  Center,  Dahlqren.  VA  22448 
ATTN:  Code  £4)11 

Code  G5 1  (Brumfield) 


CtminaiKle-',  U.S.  Army  Ftireiqn  Science  and  Technology  Center 
220  Sevenlii  Street.  NE  .  Ciiar  lot  tes  v  i  Me .  VA  22901  -5  396 
I  ATTN-  AMST-fW2 

Oliector,  Aviation  Applied  Teriuiology  Directorate, 

Fori  f'jSMs,  VA  ,-)fii)4-557/ 

I  ATTN:  SAVRf-ATL-ASV 

Cortinander,  U.S.  Army  Training  and  Doctrine  Conmind , 

Fort  Monroe.  VA  23651-5000 
1  ATTN;  ATCO-N 

1  HQ  TAC/ORPS,  langley  Air  Force  Base,  VA  23665-5001 

Coimander,  U.S.  Army  Logistics  Center,  Fort  Lee,  VA 
23801-6000 
1  ATTN:  ATCl-HOF 

Conmander ,  U.S.  Air  Force  Wright  Aeronautical  Labs, 

Wr jgnt -Pat terson  Air  Force  Base.  OH  4S423 
I  ATTN;  Ur.  M,  Graham 
1  Or.  R.  Ruh 

1  AFWAL/MLLP,  Mr.  0.  Forney 

I  AFSC/MLLM,  Dr.  A.  Katz 

1  Aero  Propulsion  Labs,  Mr.  R.  Marsh 

AVCO  Corporation,  Applied  Technology  Division,  LOweli 
Industrial  Park,  Lowell,  f4A  01887 
I  ATTN:  Or,  T.  Vasilys 

Materials  Research  Laborator les ,  P.O.  Sox  50.  Ascot  Vale, 
Vie  3032,  Austral la 
1  ATTN:  Or.  C.  W.  Weaver 

Case  western  Reserve  University,  Macromo lecul ar  Science 
Department,  Cleveland,  Ohio  44106 
1  ATTN:  Or.  J.  Koenig 

Southern  Research  Institute,  2000  Ninth  Avenue  South. 
Binnuigham.  Al,  35255 
1  ATTN;  H,  8.  SpaffOrU 

PDA  Engineering,  3754  Hawkins  NE  ,  Albuquerque,  W  8/lu9 
1  ATTN:  R.  £.  Allred 

Swedlow,  Inc.,  1212?  Western  Avenue,  Garden  Grove, 

LA  9264) 

1  ATTN:  M.  W.  Preus 

Strainoptics  Technolog  les .  Inc.,  108  w.  Montgomery 
Avenue,  North  Wales,  PA  19454 
I  ATTN:  A.  S  ReUner 

Poly>ar  Inc.,  Plastics  Division,  P.0,  Box  90,  29  Fuller 
Street.  Leoiiiin'^ler,  MA  01453 
I  ATTN;  r.  a.  Cowley 

loral  Syslems  Group,  P.O.  8o*  35,  LUChtield.  AZ  ,35  34i) 

I  AfTN;  Uram 

McDunnell  Aircraft,  P.O.  Bo*  516,  St  LoiHi.  mo  Djloo 
i  ATTN:  Mt  .  .J.  Meador.  Dept.  35/ 

Uii'et.l'ir,  U.S.  Army  Materials  Technology  Laboratory, 
Watetfnwn,  MA  )lI72-')UOI 
;  ATTN:  SliMf-TML 
4  AviLhiUS 


(0  « 

^  e  = 
«  J-g 

t5  o  <3 
■«  “"S* 

2  £  a 

«  I  2 
■i  a°- 
e  !2-g 


-  z 

l§N 

2  eg  s 

o  ^  P? 

5  O  2 

■i«o 
s>s<» 
2  2*- 
o  gz 

CjCUJ 

•S  > 
S-  20 

•s|o 

2 

5  t:  ^ 

^  «  Ui 
c  13  U- 
c  ^  u_ 


2  A  (O 

^  *1 

S  ^03 

*9  O  - 
2  CO  — 

OS? 

^  •  "3 
<  ®  c 

5b  « 

S  « I 
“-7  I 

gg<3 

O?  .2 

C 

zo  « 

<0.  ” 


tf»  o  ® 

■«  “-S’ 
£  c  a 
«  I  2 

i  =1 

£  c«  2 


2§S 

2  s 

o  ^  Pb 
goz 
>%  (rt  o 
§’SJ2 

o  2z 


2^-0 

^  2  C/3 

S  o*^ 
2  cO 

>'S  o' 

Egt 

5  S  ui 


z-g 

p 

0-  S 

2  S  CO 

*2 

?  5  CO 

-7  ®  • 

2  <0  — 

o  5  c 

r-  ^  -c 
<  -5 

CL  O  s 
§4  I 

“■71 

ggeS 

05.2 

°A  c 
zO  £ 
<0.  ® 


.= 

p  « .2 

-  i  ?  « •= 

«7SS  ° 
™  o  '^  ■£  o> 

3  Q  O 

■sSs  2  2 

>  CO  ^  ^ 

«  ®  H-  >.  « 
®  ~S2-£  5 
J3  C  <  «  5 

s?§es 

EOg-5  2 

2~  S  “-c 
2  £  3  ^  o 
2  g  «S-9 

8.  S  «  o  a 

»  §a  S  >. 

el  ?^a 

.=  3  0  X  M 
®  '=  <0  .2  ? 
<0  £  ^  ^  -2 

f  SS-o  « 

£  "  g  a  c 

—  ®  ®  ^  c 

o  C  c  A  ^ 

2  or 
^  s  “  "s  2 

«  f  S  -  « 

Q  O  O  cO  > 

g  a>-3  g  S 

a>  S  a  a  Jg 
.£  2  a  «  = 
a  u  TJ  w  a 
■“tj  =5  5 
2  c  o  M 
a  ®  .£  2  a 

§,0  o  1  2* 

a  “  .2  “  i 

c -isl 

£  8  S®  £ 

a-®  2^^ 

^  7n  O  5  2 
C  ,S2  H-  ^ 
5®  <0  0></5  j“ 
»^  £  .£  <  ^ 


•o 

$  <0 

1  o|.£ 
^55-S 
®  S 

'=  °  a  a 

'a  « 

a  e  ?2 

gaga 
®  O  S  *5 

S“rlg 

§2^2:.i 

O  o  'a  o  Xt 
£  S  J  g  Q. 
*0  ®  *0  •?  £ 
®  ®  <B  Q-  o 
«J  £  «  P  O 

■  2  a  >.  .  -n 
a  ciiog 

f  Ji^3 
ISa^S 

■5  s  a?  •* 

i  c  ? 
<2  ^  ^  <0 
c  2  .52  5  S 

>  >  £  S  c 

2  "  £  a  2 
01.S  ^  c  a 
.£  o)  9  g  E 
IS  .£  ^  E 

o  a  £  a  ~ 

.£05  S’  g 

If  111 

®  o  ®  g  <0 

a  a  “  ®  a" 
®  ”  c  ♦“  S 

3  •—  *“  75  ® 

s®la* 

^§|ii 

£  a  S  “  "5. 
a  a o'o  X 
—  =  s  £  o 

■  <0  ®  li  ®  ^ 


a  I  J-  .9 

p  CO  O  ® 

O  5» 

^  *  £  o- 

2-  «  S  2 

S  o  a  Q. 

sfiS 

2  a  2 

Ot^o 


j  2  o  co 

iili 

;>?  ow 

^ z  8- 

§1 

2&>l 

35“’^ 

Sg 

\0  c  - 

ioc  «  = 

'  I 

Joe  ® 

u20  S 

LI  <  CL  * 


e  -s 

.=  ^  ® 
P  «  .2  ? 

sillli 

*  c*^  «» 

a  o;:;f  S)® 

-2  «»  O  g  C  <q 

5  a2  ^  2  e 

®  ®  »—  >»  ®  •- 

gc55||§, 

®-  £  c  c  £  c 
co  t  o  -w  <0  P 

io'g'l' ®l 

«  2  Q-  2  r 

Ets  ®  c  ^ 
£  a  ^  o  a 
®  ®  ®  n  <0 

■js  c  52  ^  *5-  ®  I 

^  ?  CO  o  ®  ^  ' 

® oa g^a 

^  g  a  a  o  ® 
-  0  5  5  «  3 
^  £  g  ^  -S  o 

f  gs-o  «?■ 
0  “g  §  i 

■n  ®  ®  aa.  P  CO 

«  C  c  m  O  c 
■of  E-  2-1 

5  ?  c  o  ®  o 

c  O  O  CO  >  "» 

8  S)  5  2  8  g> 


8  S)  5  2  8  g> 

O)  "  a  8  IS  ~ 

£  2  a  a  =  2 
®  O  "O  >_  0)  ® 
^73^3  ?  .£ 

®  ®  .£  4:  ®  Ts 

|o  §  « a  2 

•s  2  g  ,2  ®  2 

8.  o  a  X  I  I 

If^il® 

W  o  ®  ^  ^  ® 
®  C  ^  Ll  P 
a  a  2  r  <  “= 

C  «  “  ^  i  - 


CO 

o  5,c 
2  2-0 
o  ®  ® 
c  ^to 

O  aa 

a  O)  a 

a  -  « 

JS< 

o  o  5 
gri  c 

o  c  a.  ( 
«.  o»-_  * 

8  I  °  5 
t  *  S  ' 

^■g-2  t 

a  2  ‘ 

.  ®  i 
42  >*  T 
c  -Q  2J  fl 

J-oS  s 
8  ' 
'igSi^ 

Z  ' 
o  -o  °  • 
2  8®* 
52Sc 

®  ®  .0  .c 

"  £  «  j 

I  C  c  4 
0.0  2  £ 
C  O-  c  f 

p  ^  o  i 

228. 

«  a  a  J 

o  a  c  T 
a  S  2I 

y  ®  2  <1 

all; 

Icsl 

2  2a' 

,1  oil  5 

A  2  ^  *5 

32?; 

<0  Q.  ®  ^ 


£ 

®  ® 

g  E  = 
S  >..0 

to  O  ® 

55  “-o. 

£  c  3. 

«  S  2 

o  a  a 

1=1 
£  ®  2 
Oi^O 


^  2 

sis 

2  eg  S 

O  ^  Cl 

go2 

>. «  o 
S’?"? 

g  3  2 

£  f:  LU 
■{=  o  > 
£  ®  -I 
®  80 
„  a  w 

S  |« 

■§  o^; 

5  t:  o 

>.®UJ 

E^lt 

.^>01 


0  5  = 
^  4?  ■= 
^  >  o 

<  -5 

9^^ 

<  ®  c 
Q-  y  « 
O  c  - 

^S^x 


£  ^ « 
p  « .5 

^  I 

5188° 

5  S  —  e  a 

B  ®  ^  ® 

?i<-  * 

J  5  ^  ®  o 

-  ®  c  c  a 
"  w  o  ■£.  a 

=  olf| 

-gl'S  o 
8  a  a  I  -s 
xi  2  s  s 

"  o  s  ®  ^ 
i'-S  °la  O 

:  c  .£  "  a- 

?  ®  a  =  75 

;  g  o  -x  g 

’>  E  2  -Q  S 

=  1  *TJ  a 

5  "o  a  c  3 

I  a  a  E 

»  £  E  S  £ 

*  -c  i  “  ■= 
3  •=  £  -tr  2 
5  S  £  ® 

-  O  O  OT  > 

>  n.—  ®  ® 

J  O)  >  -  y, 
_  ®  C  ®  y) 
P  N  ®  to  (Q 
=  £  ®  ®  s 
D  U  T3  w  ® 

;-o  =5  ? 

-  a  C  «  2 
B  ®  .5  s:  ® 

t-o  g  3  a 

?  5  S  a  « 
L  “  .2  ^  5 
=  s  e  a-  a 

fsi“i 

:  a  S5| 

:S 


I  o  S  ,c 

^5  5? 

®  C  ^to 

,  j  °  a  a 
S  S  o>  a 
c  g  £  5 

r  >'2< 

®  o  o  2 
<0  to  if  = 

O  —  ,..  ®S  C 
C  O  £  CL  O 

5  —  o>^  2 
®  5  S  m 

I  2  a 

•O  ®  -D  ~  £ 

S2S|8 

«<Xo 

•  ®  M  Xkx  _ 

i  C  ^<5  ? 

582^8 

-5  S  « 
S.®  gw  a 

•‘r  I  c  f 

a  2  -o  °  Ts 

c  a  a  o  a 

J  §  2  8  c 
o  a  a  a  9 
“  E  a  a 
o>.£  ^  c  a 

I  rail 

Slit; 

.5  ®  «  to  ® 
®  o  ^  C  TC 
c  ®  s  -2  c 

O  O  (H  CO  ® 

£  C  S  £  ^' 
®  ®  c  ^  ® 
5  .52  '“  7t  <5 

a  a  O  2  * 
*  5  c  a' 

P  2.  E  c 
=  2  2*  o  a 

.£  a  S.  °  ■>■ 

®  a  o  "o  * 

^  3  w  C  A 
CO  CO  Ox  « 


£  a—..  ®  ^ 

P  «  ■£  % 

sigtll 

1188° « 
®  £  ^  ^  O)  ® 
-2  y>  O  ®  C  flj 
®  a-»  ^  C  ®  C 
>  CO  ^  ^  C 

®  ®  1—  >.  ®  •- 

Si<- 5  S 

-O  c  ®  o  o 

a  2  §  E^  S 

E  O  g  -s  ®  5 

a  .  2  Q.  5  r 

c  a  ^  o  a 

■S  p  a  -c  t:  a 
e  £  a  o  a  a 
a  Q  ®  a  ^  a 

rif«il 

^  ®  a 

-  3  °  i  C  ?L 

®  =  to  .2  o 
to  £  <0  ^  .2  o 

°  ®  2t3  al- 

T3  "  2  TS  i  a 
a  .£  c  8  O  e 


8o| 

21.1  3 
8  I  °  s 

t  5  a  a 

a  T3  S  £ 

a  a  g-  o 
a  a  £  o 

»—  X3  ^ 
®  CO  o 

42  >•_  -n 


a  1  2  o  1  a 
?  E  7;  2  -s 
a  s  c  ®  0)  o 

C  O  O  cO  > 

8  S’  5  g  8  °’ 

®  C  ®  y1  — 

£2^72 

®  O  T3  w  ®  ^ 
T3  3  o  5  c 
w  C  o  y)  CO  y^ 

®  ®  .5  if  ^  P 

E  o  =  a  a  ® 

2  2  I  2  E 

c  ^  c  2  ®  <0 

®  ®  ~  2  P  ® 

9-  ®  2  1  ^ 

a  s  o  2  2  c 
C  ,52  ^  ^  S 

.=  2f^ll 


.2  ®  ^  3 

O  P  O 
8  gK  «* 

£  i<  o. 

lili 

®  ®  n  O 

!!  £  .0  1? 

'  £  >»  c  ® 

fiii 

M  p  o  — 

5  2!  S.^ 

^  ®  CO  rtj 
O  Qx  c  7-1 

52  o  ? 

y  ®  cO  ® 

c  P  £  »_- 

a  c  S  a 


§°>ls 

a  a  °  ■>. 

Ql  0*0  * 
8  Q.  ®  = 


